Fourteen studies were carried out on nine neonates who required assisted ventilation for the management of the respiratory distress syndrome. The object was to investigate the possibility that the inspiratory gas flow rate and the ratio of inspiration to expiration might influence the arterial oxygen tension. From the results it is concluded that both are crucial to optimal gas exchange, particularly in regard to oxygen. In this series failure to raise the arterial oxygenation above 50 mm Hg with assisted ventilation usually indicated a grave prognosis. Optimal inspiratory flow rates in terms of oxygenation were specific and reproducible for a given patient at a given time, but were variable during the course of the disease and could only be arrived at by empirical testing. A prolonged expiration phase was found more likely to provide better oxygenation. The presence of unequal regional pulmonary time-constants may explain variation in inspiratory flow rates and the ratio of inspiration to expiration found to produce optimal improvement in arterial oxygen tension.
Fourteen studies were carried out on nine neonates who required assisted ventilation for the management of the respiratory distress syndrome. The object was to investigate the possibility that the inspiratory gas flow rate and the ratio of inspiration to expiration might influence the arterial oxygen tension. From the results it is concluded that both are crucial to optimal gas exchange, particularly in regard to oxygen. In this series failure to raise the arterial oxygenation above 50 mm Hg with assisted ventilation usually indicated a grave prognosis. Optimal inspiratory flow rates in terms of oxygenation were specific and reproducible for a given patient at a given time, but were variable during the course of the disease and could only be arrived at by empirical testing. A prolonged expiration phase was found more likely to provide better oxygenation. The presence of unequal regional pulmonary time-constants may explain variation in inspiratory flow rates and the ratio of inspiration to expiration found to produce optimal improvement in arterial oxygen tension.
The required characteristics of the ventilatory cycle for optimal gas exchange during intermittent positive pressure ventilation (IPPV) in the neonate with respiratory distress syndrome (RDS) are unknown. Owen- Thomas (1966) suggested that alveolar ventilation is most efficient at slow rates of ventilation (20-30 b.pjn.) and that this is associated with a clinical improvement in oxygenation.
We investigated the possibility that inspiratory gas flow rate and the ratio of inspiration to expiration might have an important influence on arterial oxygen tensions (Pao 2 ) in the respiratory disease syndrome.
CLINICAL MATERIAL AND METHODS
A total of fourteen studies was performed on nine neonates requiring assisted ventilation for RDS ( fig. 1) . A nasotracheal tube was used in combination with a variable flow ventilator* with preset volume control designed to deliver tidal volumes suitable for the neonate (Carlson and Arp, 1965) . The weight, gestational age, age at initiation of IPPV, age at study and at final diagnosis are shown in table I.
Arterial blood sampling is necessary in order to assess the condition and control the treatment of • Bourns Inc., Ames, Iowa, Augmentor Respirator, production prototypes. all patients with severe RDS (Warley and Gairdner, 1962; Smith, 1965; Swyer and Levison, 1965; Boston, Geller and Smith, 1966; Chu et al., 1967; Stahlman et al., 1967) . To permit repeated blood sampling a catheter was passed through the umbilical artery into the aorta (above the iliac bifurcation), its position being checked radiographically. Arterial blood estimations then provided information for controlling inspired oxygen concentrations and corrective infusions; and permitted an informed decision regarding the initiation of IPPV. No complications resulted from the indwelling catheters.
IPPV was started when the Pao 2 fell below 50 mm Hg while the infant breathed >95 per cent oxygen. The inspired gas mixture, sampled in all cases by the same calibrated oxygen analyzer,! was drawn from a reservoir. Expired gas was usually vented to the atmosphere but during periods of measurement was diverted into a 1-litre capacity spirometer4 Expired minutevolume (VE) was calculated from the volume of gas collected over a known period of time. These data are shown in table II. 
Blood-gas analysis.
Having filled the deadspace of a 2-ml glass syringe with heparin 0.5-ml samples of aortic blood were drawn from the catheter anaerobically. We immediately made duplicate measurements of oxygen tension, at a temperature of 37 °C using a Clark polarographic electrode.* The results agreed to within 2 mm Hg. Within the ranges encountered, Pao 3 readings are not influenced by the heparin used or by changes in blood haematocrit (Rhodes and Moser, 1966) . The arterial carbon dioxide tension (Paco 2 ) was estimated on the same blood samples using a Severinghaus type electrode.f
Calibration.
The oxygen electrode, equipped with a polypropylene membrane (gas factor 1.02), was calibrated at the start of each estimation by adjusting the meter to read zero in response to oxygen-free nitrogen; the electrode was then calibrated using room air (oxygen content 20.9 per cent). This was considered to be within the range required since, throughout this study, only three estimations of arterial oxygen tensions were above 150 mm Hg. The carbon dioxide electrode was calibrated using two known percentages of carbon dioxide, 3.5 and 12.56 per cent, as estimated by analysis in a
• Instrumentation Laboratories Inc., Boston, Mass., model 125 A. t Instrumentation Laboratories Inc., Boston, Mass., model 123. 
Flow calibration.
The flow settings on the ventilator ranged from 50 to 200 ml/sec in increments of 25 ml/sec and tween the pump plunger and its backstop. The pump was then set to deliver a volume of 50 ml/stroke. The corresponding output was recorded. The signal was differentiated electronically to give the flow analogue of volume. The ventilator flow setting compared to flow as measured by differentiation, is shown in table HI. This calibration procedure was repeated at the beginning and end of each study.
Oxygen saturation.
The arterial oxygen saturation values (Sa<>i) were corrected for pH using the nomograms described by Hellegers and Schrueffer (1961) (table  II) and the saturations were determined for Pa 02 values ranging from 0 to 140 mm Hg using the foetal oxygen haemoglobin dissociation curves (Nelson, 1964) .
Right-to-left shunts.
Apart from patients No. 5 (studies b and c) and No. 8, where an RQ of 0.8 was assumed in the alveolar air equation, all studies were conducted with the inspired oxygen (Flo,) close to 1.0 (table  H) . Under these conditions and following nitrogen washout, alveolar oxygen tensions (PAO 2 ) can be determined from the modified alveolar air equation.
The Bcrggren (1942) equation, was used tc calculate right-to-left shunts.
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Where Hct=haematocrit, 0.42 is a factor defining the oxygen-carrying capacity of neonatal blood/ unit haematocrit assuming an affinity for oxygen of 1.26 ml/g foetal haemoglobin (Minkowski and Swierczewski, 1959 ) and a value of 0.344 g foetal Hb/unit of haematocrit (Smith, 1959) , and 0.003 is the Bunsen coeScient for solubility of oxygen in plasma (ml/mm Hg). 
The end pulmonary capillary oxygen content (Cc'oj) can be calculated. The arterial oxygen content (Cao 2 ) is derived from the oxygen haemoglobin dissociation curve at the appropriate arterial oxygen tension (Nelson, 1964) . Cv 02 is therefore the only unknown and since it is impractical to catheterize a pulmonary artery in order to obtain mean venous oxygen concentration, an arteriovenous oxygen content difference of 3.5 vols per cent was assumed (Rudolph et al., 1961) . Thus all the terms can be calculated, determined or assumed and the value of the right-to-left shunt obtained as a proportion of cardiac output. The assumptions underlying this calculation for infants with RDS have recently been detailed by Chu and others (1967) . 
PH.
The arterial pH was determined after calibration of the electrode* with standard buffers.
STUDY PROCEDURE
The initial setting of tidal volume (VT) was 10 ml/kg body weight. The frequency of breathing (f) and inspiratory flow rate (IFR) were chosen on clinical grounds on the basis of adequate movement of the chest, confirmed by satisfactory gas entry to the lungs on auscultation, and Pa<x>. readings. The study commenced after the baby had received all standard investigations and biochemical correction. The infant remained in the neutral thermal environment of a servo-controlled radiant heater (Levison, Linsao and Swyer, 1966) because of the ready accessibility afforded by this unit * Instrumentation Laboratories Inc., Boston, Mass., Ultra-micro pH electrode No. 123-S1.
during IPPV of the infant (Swyer, 1966, unpublished) . Arterial blood samples were withdrawn and immediately analyzed for pH, Paco-, Pao a at 37 C C, and haematocrit reading. The infant's colonic temperatures were within 0.5 °C of 37 "C, so no corrections for temperature were made.
The ventilator was used at an f value ranging from 60 to 70 strokes/min and kept constant throughout the study. IFR was varied independently of other parameters and was altered at random between 50 and 200 ml/sec, 20 minutes being allowed to attain steady state conditions at each flow rate (Nunn and Matthews, 1959; OwenThomas, 1966; Rhodes and Moser, 1966) . It was established for the first four patients investigated that the Pao 2 was reproducible, within 3 mm Hg, at any given IFR.
Measurement of expired minute volume (VE BTPS) has potential inaccuracies due to the effect of compression of the gas within the machine and patient during the respiratory cycle. A part of the gas collected from the ventilator does not contribute to respiratory exchange. There are inherent problems in correcting the volume of expired gas for compression within the system due to the effect of differing adiabatic expansion of gas at varying inspiratory flow rates. Minute volume readings have therefore not been corrected for compression effects. The minute volume of gas delivered by the respirator pump, as measured by the variable resistance, was 97 per cent of that collected in the spirometer (ATPS). Thus it can be concluded that leakage past the endotracheal tube was minimal.
RESULTS
All studies showed rises in Pao 3 with changes in IFR. However, in each patient there was an IFR at which arterial oxygen tensions were highest. An inappropriate IFR lowered Pao 2 .
The effect of changes in IFR in fourteen studies are shown in figures 2A-D and table n. Patients who were ventilated at flow rates which produced a rise in Pao a above 50 mm Hg survived their ventilator therapy and were successfully weaned off the machine. Without exception, failure to raise the Pao, above 50 mm Hg was associated with progressive respiratory failure and death from hypoxia.
Although IFR was the only ventilator setting to be changed, there was some variation in expired minute volume (VE), both when die ventilator was operated in assist and control modes (table II) . There was, however, no constant relationship between variation in VE and Pa<j 2 over the ranges investigated, neither was there a relationship between Pacoj and VE. The lowest Paco 2 was not associated with highest VE (table H), neither was the highest Pa O2 at the corresponding flow rate necessarily associated with the most efficient alveolar ventilation as measured by Pac 03 (table  IV) . In four studies (2, 3b, 5a and 7a) conducted with the ventilator in the control mode, the highest Paoj and lowest Paco, occurred at the same IFR (table IV) .
Particularly in patients with Pao, over 50 mm Hg, the optimal IFR, in terms of improvement in Paoj, tended to be in the upper ranges tested: in all except two studies the optimal IFR was above 100 ml/sec. Lowest Paoo 2 also occurred at flow rates above 100 ml/sec in all except four studies (table II) . Occasionally in achieving levels of Paoi compatible with life, alveolar hyperventilation led to low values of Paco 2 and undesirably high pH values (case 5a, table II). In such cases we now interpose an artificial deadspace to permit limited rebreathing.
Right-to-left shunts.
The means of die highest and lowest right-toleft shunts, recorded during studies of diose patients weaned successfully from IPPV to spontaneous breathing, were 56 per cent (range 49-66 per cent) and 40.7 per cent (range 35-54 per cent) and the corresponding values for patients who died during IPPV were 65 per cent (range 24-82 per cent) and 52.6 per cent (range 21-77 per cent). The largest reduction in right-to-left shunt was 31 per cent and the least was 2 per cent.
Changes in IFR involved a change in the relationship between the duration of inspiration (I) and expiration (E) since f was constant. When the Paoi at an I/E ratio of 1/1.11 is compared with die Pao 2 at an I/E ratio of 1/4.5 the difference is significant at the 1 per cent level (P<0.01) ( fig. 3) .
It would seem important to be able to distinguish patients with a sensitivity to changes in IFR sufficient to bring the Paoj level over 50 mm Hg. However, scrutiny of the clinical history, blood chemical determinations and chest radiographs did not make it possible to identify 3 The relationship between mean Pao, and I/E ratio for fourteen studies. When Pao, at I/E ratio 1/1.11 is compared with Pao, at I/E ratio 1/4.5 the difference is significant at the 1 per cent level (P<0.01).
them. There was a suggestion that those demonstrating insensitivity to EFR were those more severely affected and had more radiological signs.
DISCUSSION
The increasing use of intermittent positive pressure ventilation in the treatment of the respiratory distress syndrome has been reported by a number of workers and, together with biochemical correction, is the basis of a therapy for the disease (Delivoria-Papadopoulos, Thomas et al., 1965; Swyer and Levison, 1965) . However, die methods of applying intermittent positive pressure ventilation have been largely empirical, controlled by clinical observation and assessment of alveolar ventilation with Pa^d determinations. Previous observation has shown that patients suffering from the respiratory distress syndrome, who are spontaneously breathing high oxygen concentrations, may survive prolonged severe hypercarbia provided that oxygenation is adequate. Our own observations and those of odiers (Boston, Geller and Smith, 1966; Stahlman et al., 1967) have emphasized the poor prognosis associated with Pa 02 levels below 50 mm Hg. Consequently many workers now use t-his level as the principal indication for starting assisted ventilation. The object of assisting ventilation is, then, not only to lower Paco 3 but also to raise Pao 2 . Systematic observations of the effect on gas exchange of differing patterns of assisted ventilation are required.
Our studies show the effects of varying die inspiratory flow rate independendy, as far as possible, of changes in tidal volume (VT) and VE. Given an adequate VE, changes in flow rate did not have any consistent effect on Paco,. Compared with Pao 2 , Pa<x.a is less influenced by changes in effective pulmonary blood flow in relation to ventilation because of die linearity of the blood CO 2 dissociation. All patients, however, demonstrated a reproducible rise in Pa^, at one or more specific inspiratory flow rates. Since our patients were all breathing high oxygen concentrations (up to 100 per cent) any increase in arterial Po 2 implies an improvement in effective pulmonary blood flow and a lessening of the alveolar to arterial (A-a) gradient for oxygen with a probable decrease in right-to-left shunt.
Another factor may be the effect of changes in ventilatory pattern on die cardiac output and arteriovenous (a-v) oxygen content difference. Improvement in cardiac output and a lessening of a-v oxygen content difference would have the effect of minimizing the calculated right-to-left shunt. Recendy Kelman and colleagues (1967) have suggested that venous admixture may be overestimated by as much as 50 per cent if allowance is not made for changes in cardiac output and venous oxygen content variation in calculating shunts. We do not have information on cardiac outputs or a-v oxygen content differences. Our data are therefore insufficient to enable us to decide die relative importance of improved effective pulmonary blood flow or increased cardiac output to the increase in Pa^ at die optimal inspiratory flow rate. It is probable that bodi mechanisms are operative.
At die critical flow rate, effective pulmonary blood flow must dierefore be increased in relation to alveolar ventilation, implying improved perfusion of well-ventilated alveoli This thesis is supported by the observation that the mean optimal inspiratory/expiratory time ratio (I/E) is 1/4.5; since pulmonary blood flow is impeded during the inspiratory phase of IPPV, a prolonged expiration favours pulmonary blood flow.
The paradoxical observation of slower inspiratory flow rate producing a rise in Pao a in two instances (5a, 9a, table II and fig. 1 ) requires explanation. The lung in this syndrome probably does not behave as a homogeneous mechanical unit. Compliance and flow resistance vary from region to region. The pattern of respiration imposed by the ventilator must therefore be a compromise between die differing regional gas flow and pressure requirements for optimal ventilation and blood flow. It is reasonable, therefore, that diere should be a variation in the optimal flow rate for oxygenation depending on die best compromise for die presumably uneven regional time constants in the lung.
There is insufficient evidence to decide die relative merits of assisting ventilation (patient triggering) and controlling ventilation, and our results allow no decision. In some studies (Nos. 4, 5b, 5c and 9) the patient's respiratory efforts were initially adequate to trigger ventilation, but widiin 2-4 hours recourse had to be made to con-trolled ventilation. The main reason appeared to be progressive exhaustion and an erratic respiratory rate such that alveolar gas exchange had become inadequate. A rise in Paco, occurred together with a fall in Pao 2 and the onset of cyanosis. The most likely explanation seemed to be relative insensitivity of the triggering mechanism of the ventilator. It is a general clinical finding that people vary in their tolerance of painful stimuli. Dr. Petrie suggests that these difference are related to an important personality variable which she calls perceptual reactance. Some people process their experience of the sensory environment by reducing its intensity, and others by augmenting it. She has identified three kinds of person: die reducer, the augmenter and the moderate. The reducer tends subjectively to decrease what is perceived, die augmenter to increase what is perceived, and die moderate neither reduces nor augments his perceptions. These perceptual types occupy adjoining positions on a continuous scale.
Further, she has been able to demonstrate that the reducer is more dian usually tolerant of pain, and the augmenter less dian usually tolerant She has developed a method of measuring die extent of augmentation or reduction of stimuli by means of estimation of die widdi of blocks by subjects when blindfold, by having diem touch die blocks between the tiiumb and forefinger. One standard block is touched in this way by die right hand, and die left hand is tiien slid along a tapered block until tile thumb and forefinger of the two hands appear equally far apart The right hand is dien stimulated by rubbing the tiiumb and forefinger for a fixed length of time along the sides of anodier block of different size. After diis period of stimulation, the extreme augmenter now estimates tile standard block as being about 50 per cent increased in size, and the extreme reducer as being about 50 per cent reduced in size.
It is now possible to show that perceptual reactance is significantly correlated with pain tolerance as measured by pressure on die tibia. The pronounced reducers on every occasion show significantly greater pain tolerance than the pronounced augmenters. The author then produces evidence that other factors alter this tolerance. Alcohol and aspirin both increase perceptual reduction and tolerance for pain. So do audioanalgesia by means of white noise and frontal lobotomy. (Temporal lobotomy does neidier.) Acute schizophrenia has die same effect of perceptual reduction and increased pain tolerance.
Otiier personality variables appear also to be related. For example, extroversion as measured by die Maudsley Personality Inventory is related to pain tolerance, the more extraverted people tolerate pain better.
Alcoholics tend to be augmenters and juvenile delinquents to be reducers, although the overlap between these two groups is considerable. This is not to be wondered at since alcoholics and juvenile delinquents are heterogeneous classificatory groups.
It is not possible in a short review to report all that this book has to say, but it should be mentioned diat Dr. Petrie has also studied the effect of sensory isolation on perceptual reactance, as well as the effect of overstimulation such as pain. She finds that augmenters, although intolerant of pain, are more tolerant of perceptual isolation than are reducers. Presumably they are able to make more of what stimulation they do get
The experimental procedure used to measure percepnial reactance is complicated, although the apparatus is simple. There must clearly be sources of error in the procedure since the author gives such exact instructions as to the method to be used. Once it is mastered, however, there is evidence diat, although time-consuming, the method is reliable.
For anyone prepared to learn die technique, the method Dr. Petrie outlines should prove a fruitful aid to research, since it attempts to bridge the awkward gap between objective painful stimulation and subjective degree of suffering.
Ralph Hetherington
